INTRODUCTION
S crotal pain is a common presenting complaint with a broad differential that ranges from acute diagnoses including testicular torsion, penetrating trauma, incarcerated inguinal hernia, and testicular rupture to nonacute diagnoses including epididymo-orchitis, appendicular torsion, and mild trauma. Genital or para genital infection is the most common cause of the acute scrotum, followed by testicular torsion and testicular trauma. [1] Testicular torsion occurs when the spermatic cord and testicle twist around its axis, resulting first in venous obstruction, followed by decreased arterial flow and subsequent testicular ischemia. Testicular torsion is most common in younger men, though it can occur at any age, with a prevalence of 1 in 4000 in males younger than 25 years of age. It is associated with the bell-clapper deformity, a preexisting deformity in which the posterolateral aspect of the testes does not attach to the tunica vaginalis, allowing the testis to swing and rotate freely within the scrotum. [2] Partial torsion can also occur when the axis of the spermatic cord is rotated <360°, allowing a persistence of arterial inflow, in contrast to complete torsion (>360°), which impairs both arterial inflow and venous outflow.
Testicular torsion commonly presents with sudden onset of pain followed by nausea, vomiting, and absence of urinary symptoms. Physical examination shows a swollen and tender testis, an absent cremasteric reflex, and pain
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American Journal of Sonography • 2018 • 1(13) | 2 not relieved by elevation of the scrotum above the level of symphysis pubis. [2] Testicular torsion must be identified and promptly manually or surgically reversed, as irreversible damage can begin as early as 6 h after the torsion event, with 50% of testes salvageable after 12 h, and 10% salvageable after 24 h. [2] Doppler ultrasonography is the first-line imaging modality used to triage patients with acute scrotal pathologies. [1] When no detectable flow is seen in the testicle, the presumptive diagnosis of testicular torsion is made. Color flow Doppler alone has a sensitivity of 78.6%-89% and specificity of 77%-100% for the diagnosis of testicular torsion. [3] Power Doppler ultrasound is more sensitive in detecting blood flow and can improve the detection of flow with decreased velocities, though it may lead to false positives due to motion artifact. [4] Spectral ultrasound findings suggestive of testicular torsion include a monophasic waveform, increased resistance to arterial flow with a decrease in diastolic flow velocities and reversal of diastolic flow, or absence of arterial flow. [5] These findings are in contrast to the normal low-resistance, highflow waveform of the testicular artery. [4] Spectral Doppler is also important in the diagnosis of partial torsion, which may demonstrate reversal of diastolic blood flow. [3] Despite the high sensitivity and specificity of Doppler ultrasound in identification of testicular torsion, there are cases of the absence of blood flow and reversal of diastolic flow due to alternative conditions such as incarcerated inguinal hernias and complications following hernia repair, thrombotic phenomena, vasculitis, complicated epididymo-orchitis, asymptomatic variants, and technical limitations of ultrasonography.
The purpose of this pictorial essay is to present cases in which color flow and spectral Doppler ultrasound mimic testicular torsion to expand the radiologist's differential diagnosis when presented with such cases.
ALTERNATIVE CAUSES OF DECREASED TESTICULAR FLOW Extrinsic vascular compromise

Inguinal hernia and complications of inguinal hernia repair
Inguinal hernia can cause the absence of testicular flow, especially in the setting of an indirect hernia, which travels in the inguinal canal with the spermatic cord. The inguinal hernia, especially when incarcerated, triggers inflammatory processes and edema, resulting in the compression of the spermatic cord in the limited space of the inguinal canal. This creates a situation similar to closed compartment syndrome with resultant compression of the testicular artery, leading to testicular ischemia. This condition should be treated with prompt reduction of the hernia to avoid permanent ischemic damage to the testis (Figure 1 ). [6] Inguinal hernia repair is most often an uncomplicated procedure but can result in injury to the vessels in the spermatic cord, resulting in testicular ischemia in 0.5% of cases. [7] Disruption of vessels can result in ischemia, with ultrasound examination showing hypoechoic parenchyma without detectable flow on color flow Doppler. Testicular volume may increase in the acute-subacute phase and decrease in the chronic phase. [8] Careful surgical dissection is important in protecting the testicular vasculature during hernia repair. Minimizing disruption of venous outflow during repair can reduce the likelihood of thrombosis of the pampiniform plexus that could result in testicular venous infarction. [7] Inguinal hernia repair using mesh techniques may further increase the risk of testicular ischemia due to inflammation induced by the mesh itself, resulting in an acute scrotum. [9] 
Sudden-onset hydrocele or hematoma
Hydrocele is a collection of fluid between the visceral and parietal layers of the tunica vaginalis that may form in the setting of abnormal fluid secretion, trauma, inflammation, or ischemia. In the setting of a sudden large hydrocele, the pressure of the fluid can exceed the pressure of the testicular vasculature, resulting in testicular ischemia and acute pain. These cases may be managed with prompt aspiration of hydrocele fluid or hydrocelectomy followed by repeat ultrasound to assess the return of blood flow or may be treated with testicular exploration and orchiopexy if suspicion for torsion is present (Figure 2 ). [10, 11] In our experience, we have also seen testicular ischemia after hydrocele repair, a rare complication of this procedure ( Figure 3 ).
Hematocele can also result in compression of the ipsilateral testicular blood flow. This can occur following inguinal hernia repair due to damage to the pampiniform plexus. [12] Other external compressions
In addition, external devices such as scrotal or penile rings can lead to compromised flow to the testes. Here, we demonstrate a patient with scrotal pain and edema after the use of a scrotal ring, resulting in the absence of blood flow to the testis ( Figure 4) . We also present a case of a patient with scrotal swelling due to a rubber band around his scrotum, found to have decreased blood flow and abnormal spectral waveforms ( Figure 5 ). Several other examples have also been reported in the literature. [13] Intrinsic vascular compromise Thrombotic/embolic phenomena Protein S deficiency is associated with arterial and venous occlusion. This coagulation disorder has been implicated in case reports as a cause of global testicular infarction and may mimic testicular torsion due to the absence of Doppler color flow ( Figure 6 ). [14] Similarly, antiphospholipid syndrome has been implicated in testicular ischemia due to an otherwise unprovoked thromboembolism. [15] Cholesterol embolism post-endovascular aneurysm repair for the treatment of abdominal aortic aneurysm has also been reported and should be considered in patients with a history of recent vascular interventions. [16] This embolic phenomenon may also present as a focal infarct rather than total testicular ischemia, depending on embolic burden.
Sickle cell disease can also cause testicular infarction due to repeated vaso-occlusion by sickle cells. [17] Vasculitides Testicular vasculitis is rare, with most documented cases caused by polyarteritis nodosa. The testicular presentation of polyarteritis nodosa can occur either in isolation or along with other systemic manifestations. The resulting ischemia is often localized and demarcated. This is in contrast to the more diffuse ischemia seen in testicular torsion; however, diffuse ischemic involvement of the testis can occur in polyarteritis nodosa mimicking testicular torsion (Figure 7 ).
Other vasculitides that may involve the testes and result in the absence of testicular blood flow include vasculitis in systemic lupus erythematosus, granulomatosis with polyangiitis, giant cell arteritis, and Henoch-Schonlein purpura. [18, 19] 
Drug-mediated vasoconstriction
Case studies have shown that recent use of amphetamines, such as methamphetamine and cocaine, can lead to decreased testicular blood flow secondary to vasoconstriction through alpha-1 receptor activation. [20, 21] These conditions Color flow Doppler ultrasound is unable to detect blood flow when the flow rate is less than 6 cm/second. As evidenced by histopathology, the testis was viable in this patient. However, due to inability of ultrasound to detect slow flow, this case was wrongly diagnosed as testicular torsion. Vasculitis or other causes of vasospasm should be considered in select cases. Reproduced with permission from Ref. [4] . 
Testicular pathology
Complicated epididymo-orchitis
Complicated epididymo-orchitis may result in testicular infarction. Infection of the epididymis or testicle can result in marked swelling and edema of the spermatic cord that may impede testicular blood supply, in the absence of testicular torsion (Figure 9 ). In the setting of infarction complicating epididymo-orchitis, the affected testicle may develop ischemic orchitis, localized abscess, or diffuse gangrenous epididymo-orchitis. [22] Both testicular infarctions from orchitis and testicular torsion will show decreased echogenicity on ultrasound. These conditions must be differentiated with clinical and radiologic studies given that torsion requires orchiopexy due to a likely bilateral bell-clapper deformity, whereas severe epididymo-orchitis may require epididymotomy if severe. [22] If left untreated, complicated epididymo-orchitis can result in an atrophic and infarcted testis (Figure 10 ).
Finally, funiculitis resulting from a filarial etiology has been implicated in testicular infarction. These infections should be considered in endemic regions. [23] Other mimics
Asymptomatic variants
Variants in testicular blood flow and spectral waveform may also be identified without symptoms or need for intervention. Here, we demonstrate a patient with transient reversal of diastolic flow without clinical evidence of partial torsion ( Figure 11 ). These findings underscore the important of clinical correlation in evaluation of testicular pathology, as the clinical presentation must guide diagnosis and management.
We also demonstrate a "to-and-fro" pattern due to a pseudoaneurysm in the right testicular artery, mimicking partial torsion (Figure 12 ).
Technical limitations of ultrasound
To best detect testicular blood flow, the ultrasound Doppler settings must be optimized for detection of slow flow, with adjustment for the lowest repetition frequency and the lowest possible threshold setting. [2] If the examination technique is not optimized, the absence of blood flow may be falsely identified.
The presence of thickened scrotal skin or large hydrocele may also decrease the sensitivity of the ultrasound examination and may falsely demonstrate monophasic waveforms suggestive of increased resistance to inflow. [4] 
ADDITIONAL IMAGING MODALITIES
When diagnoses other than testicular torsion are being considered, alternative imaging modalities such as radionuclide scrotal imaging, computed tomography (CT), and magnetic resonance imaging (MRI) may be useful in evaluating for testicular torsion mimics. Historically, nuclear medicine scintigraphy was used for diagnosis of testicular torsion and can be used today as an adjunct to ultrasound. Scintigraphy in testicular torsion often shows a central photopenic area on static imaging, with a sensitivity of 90% and specificity of 89%. [24] Utilizing this imaging modality may be helpful in evaluating for testicular torsion in patients without demonstrable flow on ultrasound. MRI and CT may also be useful in further characterizing pathology, including inguinal hernias, vascular occlusion, thrombosis, and complicated epididymo-orchitis as possible causes of decreased blood flow or abnormal spectral Doppler waveforms. Further, dynamic contrast-enhanced subtraction MRI may be used to evaluate normal testicular perfusion and testicular pathology, including torsion and malignancy. [4] These imaging modalities can be used in selected populations without clinical evidence of testicular torsion to further evaluate for alternative causes of abnormal testicular ultrasound.
CONCLUSION
In this pictorial essay, we have demonstrated cases in which the absence of testicular blood flow on color flow Doppler or abnormal waveforms on spectral Doppler are identified, without the presence of testicular torsion. Practicing radiologists must be familiar with such cases to identify cases of testicular torsion mimics and avoid unnecessary surgical interventions. 
